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(57)Abstract: 

PURPOSE: To obtain an AIN sintered compact excellent in thermal conductivity and 
mechanical strength at low cost in a practical way. 

CONSTITUTION: AIN powder >12.0m2/g in specific surface area is added with an oxygen- 
contg. and nonfluorine base rare earth metal compound as sintering auxiliary followed by 
molding, and the resultant form is then sintered in a nonoxidative atmosphere at <1650°C, 
thus obtaining the objective AIN sintered compact. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture method of an alumimium nitride 

sintered compact. 

[0002] 

[Description of the Prior Art] High integration of a semiconductor device and formation of large power 
which are represented by IC etc. progress, and the good electrical insulation material of heat dissipation 
nature came to be required in connection with this. Also in it, from the insulating substrate which 
consists of an alumimium nitride sintered compact especially being excellent in respect of thermal 
conductivity, thermal-expansion nature, electric insulation, etc., it is observed and utilization is also 
progressing. 

[0003] However, since an alumimium nitride sintered compact needed elevated-temperature baking of 
1750 degrees C or more by the difficulty degree of sintering while the alumimium nitride powder of a 
raw material is expensive, it became very expensive. For this reason, the manufacture method of an 
alumimium nitride sintered compact of lowering burning temperature and planning cost reduction is 
proposed. Using together the fluoride of a rare earth element, an oxide and the fluoride of an alkaline- 
earth element, or an oxide as a sintering acid to alumimium nitride powder is proposed (JP,61- 
209959,A, USP4,746,637 number specification). . Here, it is supposed that it is precise at low- 
temperature baking of 1550-1700 degrees C, and the alumimium nitride sintered compact of high 
temperature conductivity will be obtained. However, in the case of the above-mentioned method, there 
are the following problems. 

[0004] If a fluoride is used for a sintering acid, the fluorine element produced in decomposition of a 
sintering acid at the time of baking becomes corrosive and toxic gas, such as HF, simply, and since 
problems, such as damage on the bad influence to an operator's health, a firing furnace, etc., arise, it 
cannot be said that it is practical. Although the fall of liquid phase formation temperature is accepted, 
therefore sintering of it at low temperature is attained compared with the case of independent use of a 
rare earth compound, since it becomes simultaneously remarkable grain growing up combined use of the 
rare earth compound as a sintering acid and an alkaline earth compound according to liquid phase 
formation, even when it is advantageous to the formation of high temperature conductivity, it becomes 
disadvantageous in respect of a mechanical strength, moreover, the case of an alkaline earth -- under 
baking - diffusion -- happening — easy -- sintering — it is easy to produce an uneven distribution in a 
body, and the problem of degradation by the adhesion reaction to the setter who is the burning 
nonuniformity, firing furnace, and fixture of an alumimium nitride sintered compact etc. is produced In 
addit ion, in order th at the above-mentioned liquid phase may form a thick grain-boundary layer and may 
s urround a g rain, desfi uftiw ,pjp ^ ft E^ gs ai> an iiileigidiiul ar fractur& ^j£nerany mechanical strength 
will fall compared with a rare earth compound independeiit case, a rare earth compound — Y2 03 if the 
case of being independent is taken for an example -- 1760 degrees C — aluminum 203 between — the 
liquid phase ~ forming — this liquid phase -- the grain of alumimium nitride ~ soaking ~ although 
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carried-out, iUs,easy4o gath^^ a grain-boundary 

layerjjm^graii^ de structive mode tends to serve as a 

transgranul ar fracture instead of an intergranular frachin TGenerallv as for a mechanical strength, the 

direction ofTfilnsgf^ with an intergranular fracture: 

[0005] ~~ ' — — " „ — , 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to offer the 
practical method of obtaining cheaply the alumimium nitride sintered compact excellent in thermal 
conductivity and the mechanical strength in view of the above-mentioned situation. 
[0006] 

[Means for Solving the Problem] In order to solve the aforementioned technical problem, the 
manufacture method of the alumimium nitride sintered compact concerning this invention In making the 
Plastic solid which adds and comes to cast a sintering acid to alumimium nitride powder sinter by 
calcinating by the non-oxidizing atmosphere In the manufacture method of an alumimium nitride 
sintered compact of making the Plastic solid which adds and comes to cast a sintering acid to 
alumimium nitride powder sintering by calcinating by the non-oxidizing atmosphere The specific 
surface area of the aforementioned alumimium nitride powder is more than 12.0m2 / g, and the 
aforementioned sintering acid is a rare earth compound containing the oxygen of a non-fluoride system, 
and is made to perform baking by the aforementioned non-oxidizing atmosphere at the temperature of 
1650 degrees C or less. 

[0007] In this invention, the gestalt which is made to perform reduction processing before and after 
baking or during baking is effective when the thermal conductivity of the alumimium nitride sintered 
compact (henceforth a "A1N sintered compact") obtained raises so that it may state in detail below, and 
it can be called useful gestalt. In this invention, specific surface area the reason using the alumimium 
nitride powder (henceforth "A1N powder") of the minute particle size 12.0m2 / more than g The rare 
earth compound containing the oxygen of a non-fluoride system (oxygenated compound of a rare earth 
element), That is, it is because it comes to be made to sinter by low-temperature baking of 1650 degrees 
C or less by the basis of use of only the compound in the range of a rare earth compound group which 
consists of a rare earth oxide and a compound of a non-fluoride system which turns into a rare earth 
oxide by baking. 

[0008] Although specific surface area can also sinter the A1N powder of under 12.0m2 / g if the fluoride 
of a rare earth element, an oxide and the fluoride of an alkaline-earth element, or an oxide is used 
together as mentioned above, problems by grain growth etc., such as a fall of a mechanical strength, 
burning nonuniformity of an A1N sintered compact, a firing furnace, and a setter's degradation, are 
produced. This invention does nonafc^^combinecfuse gestalt, but can cancel now un-arranging [ of the 
above-mentioned combined use which comes to be made to also sinter ** by low-temperature baking ]. 
[0009] Y2 03 which is the oxygenated compound of a typical rare earth element It is Y2 03 when it 
takes for an example, aluminum 203 of an A1N powder front face It is 1760 degrees C or more to form a 
eutectic melt, and in order to perform liquid phase sintering, it is necessary to calcinate at the 
temperature beyond this. According to examination of artificers, the coarse A1N powder whose specific 
surface area is 3.0m2 / g grade is used, and it is Y2 03. If you are going to make it sinter independently, 
above-mentioned liquid phase sintering will be indispensable, and it will become indispensable 
elevated-temperature calcinating [ of 1760 degrees C or more ] it. Then, artificers continued 
examination, and if specific surface area was the fine A1N powder 12.0m2 / more than g, not liquid 
phase sintering but solid phase sintering was possible for them, and they found out what can aim at 
reduction of burning temperature. Although the burning temperature which exceeds 1700 degrees C was 
required when specific surface area was the A1N powder of under 12.0m2 / g, when specific surface area 
was the A1N powder 12.0m2 / more than g, it found out that it could sinter with the burning temperature 
of 1650 degrees C or less only by the sintering acid of a non-fluoride system rare earth compound. 
[0010] When sintering becomes possible by baking of 1650 degrees C or less, there is a merit reflected 
in reduction of baking cost. It is mentioned that the life of expensive BN container currently used as a 
baking container is specifically extended sharply, and it is mentioned also with a bird clapper that use of 
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a cheap alumina system container is possible instead of still more expensive BN container. By baking 
exceeding 1650 degrees C, since deformation by the elevated-temperature creep becomes remarkable, a 
cheap alumina system container cannot be used, if it is the former. Furthermore, a cost cut can be aimed 
at also in respect of the running cost of a firing furnace by saving of power consumption etc. 
[001 1] Then, the thermal conductivity and mechanical strength of an A1N sintered compact which are 
obtained by this invention are described. Since specific surface area sinters with the burning temperature 
of 1650 degrees C or less only by the sintering acid of a non-fluoride system rare earth compound using 
the detailed-less A1N powder 12.0m2 / more than g in this invention as seen in the top, it is thought that 
the sintering mechanism is not liquid phase sintering but solid phase sintering. So, the grain size of an 
A1N sintered compact is small compared with the case where the alkaline earth compound which forms 
at least 1650 degrees C or less of liquid phase is used as a sintering acid, consequently a mechanical 
strength becomes large. However, the grain size of an A1N sintered compact is small, and thermal 
conductivity usually tends to become small by the bird clapper. The heat-conduction mechanism in an 
A1N sintered compact is phonon conduction, and this phonon conduction tends to cause dispersion in a 
grain-boundary portion, in the case of an A1N sintered compact with small grain size, there are many 
grain-boundary portions, consequently this phonon dispersion is also large, and it is because heat 
conduction is barred. 

[0012] Moreover, that the specific surface area of A1N powder generally becomes larger (particle size 
becomes fine) increases the impurity oxygen in the A1N powder leading to a thermal conductivity fall. 
Impurity oxygen is because it exists in the surface of A1N powder. Therefore, in this invention using the 
A1N powder 12.0m2 / more than g with a detailed specific surface area, the amount of impurity oxygen 
increases compared with the case where A1N powder with a big particle size is used inevitably. 
[0013] Thus, the A1N sintered compact obtained by this invention is disadvantageous in respect of 
thermal conductivity because there is [ that grain size is small and ] much impurity oxygen in the A1N 
powder of a raw material. However, in this invention, if reduction processing is made before and behind 
baking or during baking, thermal conductivity can be raised. The impurity oxygen in A1N powder 
decreases by this reduction processing, and the part and thermal conductivity increase. However, since 
change is hardly produced in the grain size in a sintered compact in this reduction processing, although 
the dissolution of reduction of the thermal conductivity by grain size seems to be unable to wish at all, 
since a part of oxygen of the surface of A1N powder is incorporated by reduction of the amount of 
oxygen in the grain of alumimium nitride at the time of sintering and the thermal conductivity of the 
grain itself is improved by this, a fixed grade can also desire a dissolution of reduction of the thermal 
conductivity by grain size. Thus, when also performing reduction processing, grain size can attain high 
temperature conductivity-ization by high grade-ization, though it is small. 

[0014] It will become the following if the above-mentioned main point is summarized simply. In this 
invention, the sintering acid of the alkaline earth compound leading to the various problems or a fluorine 
system is not used, but in order to make it sinter by low-temperature baking of 1650 degrees C or less 
which makes economical baking cost possible, the A1N powder of the particle 12m2 / more than g and 
the oxygenated compound of a rare earth element are used as a raw material. Consequently, since the 
grain size in a sintered compact becomes small as compared with the case where an alkaline earth 
compound is used, improvement in a mechanical strength can be aimed at. Moreover, it becomes 
possible to make it improve by reduction of the impurity oxygen of the A1N powder by adoption of 
reduction processing about thermal conductivity. 

[0015] As a rare earth element in the rare earth compound (oxygenated compound of a rare earth 
element) of the non-fluorine system used as a sintering acid, the thing of gestalten, such as oxides, such 
as Y, La, Dy, Er, Ce, Sm, Pm, NdEu, and Gd, Tb, Pr, Tm, Lu, Ho, Yb, a carbonation object as a 
compound which turns into a rare earth oxide by baking, a nitric-acid ghost and a hydroxide, and an 
oxalic acid ghost, is mentioned. Two or more sorts of rare earth oxides may be used together, two or 
more sorts of compounds which turn into a rare earth oxide by baking may be used together, or you may 
make it use together the compound which turns into a rare earth oxide by the rare earth oxide and baking 
in use of a sintering acid. If the whole A1N sintered compact obtained is made into 100 % of the weight 
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about the addition of a sintering acid, a sintering acid will come to occupy 0.1 - 10 % of the weight. 
[0016] Although baking is performed about 1 - 6 hours by the temperature requirement from about 1400 
to 1650 degrees C, it does not restrict to this baking condition. Although any under baking for sintering 
before and after baking are sufficient as reduction processing, oxygen is easy to be removed before 
sintering is not progressing. For example, when sintering at 1650 degrees C, even 1200 degrees C is 
made into reducing atmosphere, you may make it make it sinter by neutral atmosphere after that, and 
under [ all ] baking are made into reducing atmosphere, it is simultaneously parallel and only the almost 
same period may be made to perform sintering processing and reduction processing, the reducing 
atmosphere which can be used for reduction processing -- carrying out H2, CO, NH3, CH4, and C - 
two H4, C2 H6, and C3 H8 etc. -- reducing gas atmosphere is mentioned and effective processing 
atmosphere can be realized by combining these reducing gas with inert-gas atmosphere, such as N2 and 
Ar Furthermore, when a firing furnace is a carbon furnace which used a carbon heater and carbon 
internal insulation, formation of the reducing atmosphere by steamy phase carbon is easy. 
[0017] 

[Function] Specific surface area is made to sinter the sintering acid of the alkaline earth compound 
which produces various problems, or a fluorine system by baking of low temperature 1650 degrees C or 
less only using the sintering acid of the rare earth compound of a non-fluorine system to the A1N powder 
of under 12.0m2 / g in this invention, without using. 

[0018] Since it is not necessary to use the thing of an alkaline earth compound or a fluorine system as a 
sintering acid, when degradation by the diffusion to the burning nonuniformity, the curvature, furnace, 
and setter of an A1N sintered compact is prevented, since it is baking of low temperature 1650 degrees C 
or less, while the reinforcement of a baking container and low-price material-ization are attained, 
running cost reduction of saving of power consumption etc. is also attained. 
[0019] moreover, A1N sintering obtained -- since grain size in the living body becomes small, 
improvement in a mechanical strength is attained When prevented, since it is baking of low temperature 
1650 degrees C or less, while the reinforcement of the container for sintering and low-price material- 
ization are attained, running cost reduction of saving of power consumption etc. is also attained. 
[0020] When performing reduction processing before and after baking or under baking, the A1N sintered 
compact of high temperature conductivity can be obtained by removal of impurity oxygen etc. 
[0021] 

[Example] Hereafter, the example of this invention is explained. This invention is not restricted to the 
following example. 

- Example 1 -specific surface area makes it the A1N powder of 12.0m2 / g as a sintering acid, and it is Y2 
03. 1.5 ton/cm2 after adding 3 .0% of the weight and casting to disc-like [ with a diameter / of 20mm /, 
and a height of 10mm ] with a 1 shaft press after wet ball mill mixture and a dryness particle size 
regulation CIP was given by the pressure and the disc-like Plastic solid was obtained. 

[0022] Then, this Plastic solid is put in into the crucible made from BN, the loose free wheel plate made 
from BN is put, and it contains all over a carbon furnace, and is 4% of H2. N2 contained It is gas after 
carrying out a temperature up to 1200 degrees C, passing gas 100% N2 It changed to gas, and the 
temperature up was carried out to 1650 degrees C, it held for 3 hours, and the A1N sintered compact was 
obtained. 

- Carry out as an example 2-sintering acid, and it is Y2 03. Y(N03) 3 Changed, and sintering 
temperature was made into 1600 degrees C, and also the A1N sintered compact was obtained like the 
example 1 . 

[0023] - Example 3-specific surface area is a sintering acid to the A1N powder of 15.0m2 / g. It carries 
out and is Y2 03. After adding 3.0% of the weight and obtaining a disc-like Plastic solid like an 
example 1, this Plastic solid is put in into an alumina setter, and it covers with an alumina board, and it 
contains all over a carbon furnace, and is 4% of H2. N2 contained The temperature up was carried out to 
1600 degrees C, it held for 3 hours, passing gas, and the A1N sintered compact was obtained. 4% of H2 
N2 contained Gas was used at all processes. 

[0024] - Carry out as an example 4-sintering acid, and it is Y2 03. La 203 It changed and also the A1N 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 10/7/02 



Page 5 of 7 



sintered compact was obtained like the example 3. 

- Instead of an example 5-alumina setter and an alumina board, use the crucible made from BN and the 
free wheel plate made from BN of an example 1, and they are full-in process and 100%N2. Gas was 
used and also the A1N sintered compact was obtained like the example 3. 

[0025] - Example of comparison 1 -specific surface area is a sintering acid to the A1N powder of 
10.0m2 / g. It carries out and is Y2 03. After adding 3.0% of the weight and obtaining a disc-like Plastic 
solid like an example 1, this Plastic solid is put in into the crucible made from BN, and the loose free 
wheel plate made from BN is put, and it contains all over a carbon furnace, and is N2 100%. Passing 
gas, the temperature up was carried out to 1650 degrees C, it held for 3 hours, and the A1N sintered 
compact was obtained. 

[0026] - Carry out as an example of comparison 2-sintering acid, and it is Y2 03. 3.0 % of the weight 
and CaO were added 0.5% of the weight, and also the A1N sintered compact was obtained like the 
example 1 of comparison. 

- As example of comparison 3-A1N powder, specific surface area used the A1N powder of 3.0m2 / g, and 
also the A1N sintered compact was obtained like the example 2 of comparison. 

[0027] The density measured about each A1N sintered compact obtained in the main things, the 
example, and the example of comparison of the baking conditions in an example and the example of 
comparison, grain size, thermal conductivity, and flexural strength are described in Table 1 and Table 2. 
[0028] 
[Table 1] 
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16 5 0 
3 


~1200TH 2 +N Z ^ 
1200*C~ N 2 


BN 


mm 2 


Y(N0 3 ) a 

3 


16 0 0 
3 


M200tH2 +N 2 S« 
1200t~ N 2 


BN 


mm 3 


Y 2 0 3 


16 0 0 
3 


H, + N 2 * 


A1 Z 0 3 




L a 2 0 3 

znm% 


16 0 0 

3 


H z +N 2 % 


Al a 0 3 




Yz 0 S 


16 0 0 

3 


N 2 


BN 


asm i 


Y« 0, 

zm$% 
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16 5 0 
3 
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[0029] 
[Table 2] 
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3.3 0 
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[0030] Although ** has also fully turned precisely without using the sintering acid of an alkaline-earth 
system or a fluorine system and the A1N sintered compact of an example had high thermal conductivity 
and high flexural strength so that it might see to Table 2, the A1N sintered compact of the example of 
comparison did not have these properties. 
[0031] 

[Effect of the Invention] By the manufacture method of the A1N sintered compact concerning this 
invention When reduction of the running cost by saving of power consumption etc. is also attained while 
becoming usable [ the reinforcement of the container for burning tools, and a low-price material 
container ] since it is low-temperature baking of 1650 degrees C or less, Since it is not necessary to use 
the sintering acid of an alkaline-earth system or a fluorine system, burning nonuniformity, It not only 
can prevent degradation by the diffusion to curvature, a furnace, or a setter, but grain size becomes 
small. The A1N sintered compact excellent in the mechanical strength is obtained cheaply, when 
reduction processing is performed in addition, improvement in the thermal conductivity of an A1N 
sintered compact is also attained, therefore this invention is practical and very useful. 



[Translation done.] 
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